Hemoplasma "Candidatus Mycoplasma haemobos" infections in cattle have been reported in East Asia, Europe, and South America, whereas same cases were docu- 
| INTRODUCTION
The genus Eperythrozoon comprises unculturable bacteria, which are therefore termed as hemoplasmas. However, genetic analysis of 16S rRNA indicates that these pathogens should be classified as genus Mycoplasma (Neimark, Johansson, Rikihisa, & Tully, 2001) . Animals infected with hemoplasmas show poor weight gain, severe anaemia, and high mortality. For decades, only Mycoplasma ovis has been reported in goat and sheep (Daddow, 1979) ; however, a novel hemoplasma genotype known as "Candidatus Mycoplasma haemovis" has been identified in sheep (Hornok et al., 2009) . In cattle, Mycoplasma wenyonii and "Candidatus Mycoplasma haemobos" have been detected in England, Germany, and Japan (Ayling et al., 2012; Hoelzle et al., 2011; Tagawa, Matsumoto, & Inokuma, 2008) . In general, each hemoplasma species is capable of infecting only one or a few closely related hosts. Although a previous study has shown that M.
ovis infects Rangifer tarandus (Stoffregen et al., 2006) , whether other hemoplasmas such as "C. M. haemobos" have ability to infect goats and sheep are still unclear.
To date, the natural mode of transmission of hemoplasmas remains elusive, although it has been suggested that hemophagous arthropods may be involved (Messick, 2004) . Arthropods are important vectors that can spread infectious diseases in temperate and subtropical regions (Jongejan & Uilenberg, 2004) , of which ticks are the most common ectoparasites of livestock and humans (Wu, Na, Wei, Zhu, & Peng, 2013) . More than 100 species of Ixodida have been identified in China (Chen et al., 2010; and act as vectors that transmit various pathogens, including protozoans, bacteria, Mycoplasma, viruses, and Rickettsiales.
Tick-borne diseases are natural focal infectious endemic diseases that mainly occur in forests, hills, and grasslands. China is a country with vast amounts of land, complex and varied terrains, and diverse climates, which are factors that promote tick proliferation and diversity, and in turn result in tick-borne diseases in most parts of the country (Liu, 2013) . Tick-borne diseases have been reported in Henan Province in central China (Shang et al., 2014; Wu & Ma, 2013; Yu et al., 2016; Zhao et al., 2015) . The southern region of Henan Province is situated at the junction between subtropical and warm-temperate zones and is hilly in most areas, with complex terrain and rich vegetation, thereby providing a suitable environment for tick growth and reproduction. Furthermore, freerange sheep, goat, and cattle farms are key economic sectors in this area (China, 2016) . Whether the ticks in this area carry hemoplasmas in these livestock is unclear, prompting us to investigate the prevalence of hemoplasma infections in ticks and small ruminants.
| MATERIALS AND METHODS

| Clinical history and samples
From April 2018 to May 2018, a hemoplasma outbreak affected eight backyard goat and sheep farms in the mountainous area of south Henan Province, central China. In addition, sheep and goats that grazed the hills when the weather was warmer in late spring were observed to be severely sick and developed fever, anorexia, and depression. Further the veterinary examination of these animals indicated pale oral cavity mucous, eye conjunctiva, and haematuria and were diagnosed with hemozoin infection. The animals were treated with diminazene aceturate and praziquantel for days, resulting in slow recovery, and six lambs died within 1 week. Then, a total of 67 EDTA-anticoagulated blood samples were collected from the caudal vein of the remaining animals (42 goats and 25 sheep). In addition, 132 tick samples, which were identified as Boophilus microplus by using morphological and taxonomic identification keys and by 12S rDNA sequencing (Beati & Keirans, 2001) , were collected from the body surfaces of the animals (54 from goats and 30 from sheep) and the hills, where these ruminants grazed (48 from grassland). All blood and tick samples were transported to our laboratory for molecular analysis. All blood samples were stored at −70°C until analysis. All tick samples were serially washed in a washing agent, tap water, and double-distilled water and then air dried and stored at −70°C until analysis.
| Primer selection
The primer set were used to detect the short fragment of the 16S rRNA gene of most of the hemoplasmas, including Mycoplasma haemofelis, Mycoplasma haemocanis, "Candidatus Mycoplasma haemominutum" and "Candidatus Mycoplasma haemopurvum" (Jensen, Lappin, Kamkar, & Reagan, 2001) , analyzed by BLAST and proven to be effective in amplifying M. ovis, "C. M. haemovis", M. wenyonii, and "C. M. haemobos". The positive samples were further subjected to 16S rRNA PCR for a longer amplicon using primers MHBforw and MHBrev as described previously (Meli et al., 2010) . To detect other pathogens which can cause same clinical symptoms, the following primers were also used: the nested primers BTH 18S 1st F/R and BTH 18S 2nd F/R primers for Babesia and Theileria (Masatani et al., 2017) , Am9/10 primers for Anaplasma marginale (Figueroa, Chieves, Johnson, & Buening, 1993) .
| DNA extraction, amplification, and sequencing
Total DNA was extracted from the blood samples using an EasyPure Blood Genomic DNA kit (Transgen biotech, China), according to the manufacturer's instructions. Each B. microplus sample was placed in liquid nitrogen and then ground with a plastic pestle, and the resulting tissue fragments with weights of ≤25 mg were used for DNA extraction with an EasyPure Genomic DNA kit in a DNase-free environment. The extracted DNA was dissolved in 100 μl of double-distilled water, and then DNA concentration and quality was measured using a spectrophotometer (UV1000, Techcomp, China) at an absorbance ratio between 260/280 nm and used for further analysis. The PCR reactions were as previous described (Jensen et al., 2001; Meli et al., 2010) , a M. wenyonii strain which isolated from a calf and preserved by our laboratory was used in all PCR reactions as a positive control, whereas DEPC-treated water was used as a negative control. The amplicons were recovered from the agarose gel using an EasyPure PCR purification kit (Transgen Biotech, China). The purified products were directly sequenced in both directions using an ABI automated A373 sequencer (ABI, USA). Then, all sequences were compared to existing sequences in the NCBI databases using a BLAST search. The blood DNAs were also subjected to PCR tests for Babesia, Theileria, and Anaplasma marginale.
| Phylogenetic analysis
Long sequences of the 16S rRNA gene were compared and aligned using the CLUSTALW program using the strains from Switzerland (clones 307 and 311), Japan (cattle nos. 18, B2.16, and B2.20), and China (China, CMboTWN01, CMboTWN02, and CMboTWN01).
Molecular Evolutionary Genetics Analysis version 6 (MEGA6) was used for phylogeny inference according to the neighbour-joining criterion and the Kimura 2-parameter model. The robustness of the hypothesis was tested with 1,000 non-parametric bootstrap analyses.
| RESULTS
All blood samples and tick samples were screened for the presence of the short fragment of 16S rRNA gene by PCR, and the hemo- amplicons of the 16S rRNA gene, the bands specific to "C. M. haemobos" were amplified from all above positive samples.
Among the 31 B. microplus positive samples collected from goats, 20 samples tested positive using blood, and 11 samples were from goats that tested negative using blood. In addition, among the 16 B. microplus positive samples from sheep, 9 samples were from sheep that tested positive using blood, and 7 samples were from sheep that tested negative using blood. No Babesia, Theileria, and Anaplasma marginale were detected in all blood samples. DNA analysis of the long 16S rRNA sequences in 29 positive blood samples and 70 B. microplus samples confirmed our PCR results, and all strains identified in this study were "C. M. haemobos".
After sequencing those strains from the same host (sheep, goat, or B. microplus), the 16S rRNA amplicons harbouring mutations were selected as the representative strains, and the representative sequence data of the 16S rRNA gene were deposited to GenBank: two representative strains (HN1811 and HN1823) isolated from goats were deposited as accession numbers MH388474 and MH388475; two representative strains (HN1807 and HN1814) isolated from sheep were designated as accession numbers MH388476 and MH388477; and four representative strains (HN1804, HN1813, HN1841, and HN1877) isolated from B. microplus were identified as accession numbers MH388478, MH388479, MH388480, and MH388481. Sequencing analysis of the 16S rRNA region of these eight representative strains using CLUSTALW indicated high sequence similarity ranging from 99.8% to 100%. Comparative analysis of the Henan isolates and previously identified "C. M. haemobos" strains in Switzerland (clones 307 and 311), Japan (cattle nos. 18, B2.16, and B2.20) and China (China, CMboTWN01, CMboTWN02, and CMboTWN01) revealed a nucleotide sequence similarity of 99.1%-99.9%.
Using a previously proposed taxonomic key (Meli et al., 2010; Sasaoka et al., 2013; Tagawa et al., 2008) , phylogenetic analysis of the 16S rRNA sequence (Figure 1 ) characterized all eight hemoplasmas representative strains as "C. M. haemobos". In addition, the strains in this work were most closely related to the strain isolated from southern China, and were most distantly related to those from Switzerland (clones 307 and 311) and Japan (cattle nos. 18, B2.16, and B2.20).
F I G U R E 1 Phylogenetic analysis of "Candidatus Mycoplasma haemobos" from goats and sheep, Boophilus microplus in Central China, and reference strains using the 16S rRNA sequences 4 | DISCUSSION In the present study, 99 "C. M. haemobos"-positive samples were identified, and all 29 positive blood samples derived from sheep and goats showed pale oral cavity mucous and haematuria, which were also observed in cattle naturally infected with "C. M. haemobos" in Switzerland (Meli et al., 2010) , No M. ovis or "C. M. haemovis" or other pathogenic microorganism (Pestivirus, Blue tongue virus, Peste des petits ruminants virus, and entozoic parasites such as Babesia, Theileria, Anaplasma marginale Coccidium, and Trematode), were detected (part data not shown), indicating that "C. M. haemobos" should be the causal factor for the disease. Further research as experimental infections in sheep and goats would provide more details on the pathogenesis of "C. M. haemobos" in small ruminants. "C. M. haemobos" infections in cattle were first reported in Japan (Tagawa et al., 2008) , and these have also been found in buffalo, yellow cattle, and dairy cows in Guangxi Province, which is >1,000 km away from Henan Province in southern China (Su et al., 2010) . However, phylogenetic analysis showed that the strains in the present study were most closely related to isolates from Guangxi Province. Although M. ovis and "C. M. haemovis" have been detected in Chinese sheep and goats (Wang et al., 2017) , these pathogens were not found in the present study. To date, "C. M. haemobos" infections have only been reported in members of the Bovinae subfamily, such as buffalo, cattle, and dairy cows (Girotto et al., 2012; Girotto-Soares et al., 2016; Meli et al., 2010; Su et al., 2010; Tagawa et al., 2008) . The present study is the first to isolate "C. M. haemobos" from small ruminants. The previous research (Hornok, Micsutka, Meli, Lutz, & Hofmann-Lehmann, 2011 ) described the transplacental transmission of bovine haemoplasmas in cattle; in our work six dead lambs had been not weaned and exposed to wild and ticks, considering the "C. M. haemobos" had been proved to be the causal factor in this hemoplasma outbreak, so the vertical transmission from pregnant ewes to lambs might be an spread route, and further verification is warranted. In addition, in Henan Province many sheep and goat herds share the same hilly pasture with cattle, and direct and indirect contact with the candidate vector may have triggered "C. M. haemobos" to adapt to new hosts such as sheep and goats.
The seasonal characteristic of this disease also coincides with the reproductive cycle of the predominant vectors, such as B. microplus in the south of Henan Province (Ma, 2006) ; thus, we hypothesize that this tick serve as an agent for the disease, and firstly there is a need to validate whether B. microplus could carry "C. M. haemobos". Tick samples and blood samples from sheep and goats for PCR analysis indicated high positive rates for B. microplus from goats (57%), sheep (53%), and grassland (48%). To date, the means of transmission of "C. M. haemobos" and other Mycoplasma are unclear, but the blood-sucking ticks are considered as candidate vectors for transmitting Mycoplasma pathogens (Lappin et al., 2006; Taroura et al., 2005) . In bovine species, the horn fly (Haematobia irritans), stable fly (Stomoxys calcitrans), and horse flies (Tabanus bovines and T. bromius) were identified as potential vectors for spreading M. wenyonii and "C. M. haemobos" (Hornok et al., 2011) , and the tick (Dermacentor andersoni) has been shown to transmit M. wenyonii (Neimark & Kocan, 1997) . However, a recent study has shown that D. andersoni is not indigenous to China (Chen et al., 2010) . Although another study (Hornok et al., 2012) found that four species of ticks (D. reticulates, Haemaphysalis inermis, Ixodes ricinus, and D. marginatus) are unlikely vectors for M. wenyonii and "C. M. haemobos" during an outbreak of bovine anaplasmosis in Hungary; thus, the role of the tick (B. microplus) in the epidemiology of "C. M. haemobos" remains elusive.
In the present study, PCR detection of "C. M. haemobos" in B. microplus samples generated positive results, suggesting that "C. M. haemobos" could exist in B. microplus. Considering that all sequences of "C. M. haemobos" strains from small ruminants could be observed in sequences of "C. M. haemobos" strains from ticks, 20 positive B. microplus samples could be collected from 11 blood-negative goats and 9 blood-negative sheep, whereas B. microplus is a one-host tick, indicating that these 20 B. microplus positive samples harboured "C. M. haemobos" before sucking the blood of goats and sheep, further showing that the "C. M. haemobos" could exist in B. microplus at least for the blood-sucking duration. Thus, we conclude that B. microplus could carry "C. M. haemobos", but whether the B. microplus could transmit "C. M. haemobos" from itself to goats and sheep as vector remains unclear, and additional investigations are warranted to address this issue.
Regarding the widespread distribution of B. microplus in China and the large numbers of ruminants in free-range husbandry, determining the epidemic status of "C. M. haemobos" in ticks and bovines is imperative.
| CONCLUSION S
"Candidatus Mycoplasma haemobos" infections in sheep and goats resulting in haematuria were verified by PCR, sequencing, and phylogenetic analysis. This study provides molecular evidence for natural infections of "C. M. haemobos" in goat and sheep, and that B. microplus could carry "C. M. haemobos".
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